Three strains of novel, extremely thermophilic, rod-shaped crenarchaeotes were isolated from acidic hot spring areas in Japan. Cells of the three strains were straight or slightly curved rods and occasionally branched out singly or elytensively, or had spherical bodies protruding a t the ends of the cells. They were heterotrophs that grew anaerobically or microaerobically. The presence of CO, in the gas phase, archaeal cell-extracts and a vitamin mixture stimulated growth of the strains. Growth occurred a t 45-82 "C and pH 2-6-5-9 and was optimal around 75 "C and pH 4.0. The strains utilized glycogen, starch, gelatin and various proteinaceous complex compounds as carbon sources. They required sulfur, thiosulfate or L-cystine as possible electron acceptors.
INTRODUCTION
Accumulation of 16s rRNA/rDNA sequence data has revealed that the domain Archaea is composed of two major branches, the kingdoms Euryarchaeota (euryarchaeotes) and Crenarchaeota (crenarchaeotes) (Woese et al., 1990) . Currently isolated species of the crenarchaeotes are all extreme thermophiles or hyperthermophiles (Stetter, 1996) , although crenarchaeal signatures have been discovered in nucleic acids from mesophilic or psychrophilic habitats (Hershberger et al., 1996) . The thermophilic crenarchaeotes have been mainly isolated from geothermally heated terrestrial or submarine environments (Huber & Stetter, 1992 ; Segerer & Stetter, 1992) . Such biotopes allow diverse microbial communities, including a variety of cren-
The DDBJ accession number for the 165 rDNA sequence of strain reported in this paper is AB005296.
archaeote genera and species to occur, as exemplified by a hot spring sample collected from Yellowstone National Park, USA (Barns et al., 1994) .
In this paper, the isolation and the taxonomic and phylogenetic characteristics of three rod-shaped crenarchaeote strains thriving around 75 "C and pH 4.0 are described; a new genus and species in the family Therrnoproteaceae is proposed for these three strains, Therrnocladiurn rnodestius gen. nov., sp. nov.
METHODS
Isolation procedure. Samples of hot spring water, muds and soils were collected from several sites associated with volcanic activity in Japan. The samples were transported in sterile plastic tubes at ambient temperature. The basal salts medium for Sulfolobus (Brock et al., 1972) , supplemented with 0-2 g yeast extract 1-1 (Difco), 1.0 mg resazurin l-', 5.0 g sulfur powder 1-1 and adjusted to pH 5.0 at room tem-00702 0 1998 IUMS perature, was used as an enrichment medium. The basal salts medium and yeast extract [a 10.0% (w/v) solution] were separately autoclaved at 121 "C for 15 min. Sulfur was sterilized by autoclaving at 105 "C for 1 h. Ten millilitres of the medium, contained in a serum bottle, was flushed with a H,/CO, gas mixture (4 : 1, v/v) and was reduced with sterile Na,S . 9H,O solution (final concn 0.5 g 1-l). After readjusting the pH to 5.0 with 0.5 M H,SO,, the bottle was sealed with a butyl rubber stopper, After inoculation, the culture was pressured to 100 kPa with H,/CO, (4 : 1, v/v) and incubated at 70 "C for 1 week. Culture conditions. TCD medium was developed to compare the effect of medium composition on growth. It consisted of 1.0 1 basal salts medium of the Sulfolobus medium (Brock et al., 1972) , 0-5 g yeast extract, 10 ml archaeal cell-extract solution, 1.0 mg resazurin and 10.0 g sulfur powder. The pH was adjusted to 4G4.5 at room temperature. The gas phase was either N, or a H,/CO, (4: 1, v/v; 100 kPa) gas mixture; the medium was reduced by the addition of 0.5 g I-' (final concn) Na,S . 9H,Ojust before use. The archaeal cell-extract solution was prepared by the modified method of Fiala et al. (1986) . Namely, 1 g packed cells of Sulfolobus acidocaldarius, Methanosarcina barkeri, Halobacterium salinarum or Thermoplasma acidophilum was suspended in 100 ml distilled water and disrupted by an ultrasonic oscillator (Sonifier model 250; Branson) for 3 M 5 min (50% duty cycle; i.e. 0.5 s ultrasonic exposure and 0.5 s non-exposure per cycle) on ice. The homogenate was centrifuged at 12000 g for 10 min and the supernatant was filter-sterilized (pore size 0.2 pm; Minisart, Sartorius). This solution (1 %, w/v) was stored at 4°C until use. To obtain sufficient biomass for isolation of DNAs and lipids, yeast extract concentration in the medium was increased to 1.0 g 1-' . Morphology. The cells were observed directly under a phasecontrast light-microscope (Optiphot-2 ; Nikon), or shadowed with platinum/palladium and examined with a transmission electron microscope (model H-300 ; Hitachi). Growth characteristics. Unless otherwise indicated, isolates were cultivated in TCD medium under an N, atmosphere at 75 "C. The cell-extract solution was prepared from Sulfolobus acidocaldarius JCM 8929T. To test for aerobic and microaerobic growth, Na,S . 9H,O was omitted from the TCD medium and the gas phase was either air or N, containing 5 O h (v/v) air, respectively. Trisodium citrate (10 mM, pH 2-0-5.5) or MES (10 mM, pH 5.0-7.0) was added to the TCD medium to examine the effect of pH. The pH of the medium was adjusted at room temperature by the addition of H,SO, or NaOH. Sulfide production was determined qualitatively as described by Huber et al. (1986) . Protein assay. Due to the highly variable size of cells, it was difficult to estimate the total growth yield of the culture by counting cell numbers. Therefore, cellular protein content was determined as an estimate of the growth yield. The cultures were centrifuged at 12000 g for 10 min and the pelleted cells were suspended in 5 YO (w/v) trichloroacetic acid solution followed by incubation at 90 "C for 15 min. The suspension was centrifuged again and the precipitated cellular protein was solubilized in 0-5 M NaOH solution. The protein concentration was measured by the BCA (bicinchoninic acid) protein assay kit (Pierce) as described by the supplier's protocol. BSA was used as a standard protein. (1977); and 1.0 mg resazurin. The medium was adjusted to pH 4.0 at room temperature with HCl. Sulfur, sodium thiosulfate, sodium sulfate, sodium sulfite, L-cystine, oxidized glutathione, fumarate, L-malate, sodium nitrate or FeCl, was added to the basal medium at a final concentration of 20 mM or 6-4 g 1-' (sulfur only). Each of the media was reduced by the addition of titanium (111) citrate (final concn 1.3 mM) as described by Zehnder & Wuhrmann (1976) .
Sensitivity to antibiotics. Ampicillin, chloramphenicol, erythromycin, kanamycin, oleandomycin, rifampicin or vancomycin was added to the TCD medium at a concentration of 100 pg ml-'. Degradation of the antibiotics during the cultivation was estimated using Bacillus sphaericus JCM 2502 as a test organism.
Lipid analysis. Whole-cell acid methanolysis was performed as described by Ross et al. (1985) . The degraded products were analysed by thin-layer chromatography on Kieselgel60 (Merck). Diether-and tetraether core lipids were detected on the thin-layer chromatogram developed with hexane/diether (80:20, v/v) (Ross et al., 1985) and hexane/ethyl acetate (70: 30, v/v) (Trincon et al., 1988) , respectively.
Isolation of DNA, G + C content analysis and DNA-DNA hybridization. Packed cells were suspended in standard saline/citrate solution and lysed with 1 % (w/v) SDS at 60 "C for 5 min. Genomic DNAs were isolated from the lysates and purified; their G + C content was determined as described by Tamaoka (1 994). DNA-DNA hybridization studies were undertaken according to the fluorescent method of Ezaki et al. (1989) . Thermoproteus tenax JCM 9277* (= DSM 207gT) was used as a reference strain.
165 rDNA analysis. Nearly complete 16s rDNA of the strain IC-125T was amplified by PCR, cloned into pDIRECT vectors, and transformed into Escherichia coli DH5a competent cells using the PCR-Direct Cloning System (Clontech). The PCR primers, which include PCR-Direct sequences (underlined) at the 5' ends, were designed as follows : forward primer, 5' CTCGCTCGCCCACCGGTTGATCC-TGCC (positions 9-23 in E. coli numbering system) ; reverse primer, 5' CTGGTTCGGCCCAAAGGAGGTGATCCA-RCCG (positions 1 5 4 w 525). The ALFred DNA sequencer and the Autocycle Sequencing kit of Pharmacia Biotech were used for sequencing. For sequencing both strands of DNA, the M 13-universal primer, the M 13-reverse primer and the following primers were used : 5' GGCACTGAGA-CAAGGGCC (positions 3 18-335), 5' GGATTTCRCCC-CTAC (positions 699-685), 5' GGGTAGGGGCGAAAT-coccus celer as the root organism with the CLUSTAL w program (Thompson et al., 1994) . Nucleotide substitution rates were calculated after gaps and unknown bases were eliminated. The phylogenetic tree was constructed according to the neighbour-joining method (Saitou & Nei, 1987) , and was evaluated by bootstrap sampling (Felsenstein, 1985) . The following 16s rRNA/rDNA sequences were used for the phylogenetic analysis : Acidianus brierleyi DSM 165 1 (X90477), Acidianus infernus DSM 3 191 (X89852), Aeropyrum pernix K1 (D83259), Desulfurococcus mobilis 
RESULTS

Isolation
Seventeen samples of hot spring water, solfataric soils and muds were collected from nine different solfataric areas in Japan. The samples were inoculated in the enrichment medium at 70 "C and pH 5-0 under HJ-CO, (4: 1, v/v; 100 kPa) gas mixture. After 1 week cultivation, regular or irregular coccoid cells prevailed in most of the cultures. However, rod-shaped cells were seen, accompanied by lesser numbers of coccoid cells, in enrichment cultures of the following three samples : mud from a spring pool, Noji-onsen, Fukushima; water from a flowing spring, Kawayu-onsen, Hokkaido; and water from a spring pool, Tamagawaonsen, Akita. The original temperatures of the first and last samples were 80 and 65 "C, respectively. The pH values of the three samples measured at room temperature were 2.4, 2-0 and 1.8, respectively. Initially, the serial dilution method (1 : 10 dilution) with the medium used for the enrichment failed to separate the rod-shaped cells from the coccoid cells. However, when the serial dilutions were repeated with the enrichment medium containing an archaeal cell-extract solution, the coccoid cells were eliminated in the growth culture at the highest dilution. Therefore, the enrichment medium containing the archaeal cellextract solution was used for the following isolation procedures, and each of the diluted cultures was incubated for 2 weeks. The serial dilutions (1 : 10 dilution) were repeated twice ; then, the growth culture at the highest dilution was again serially diluted (1 : lo), and each of the dilutions was further divided into five bottles and incubated. One of the cultures at the highest dilution was again serially diluted (1 : 10 dilution). The final growth cultures were assigned IC-1 25T (from Noji-onsen), IC-139 (from Kawayu-onsen) and (from Tamagawa-onsen). The purity of the strains was confirmed by microscopic observations for the cultures grown under various growth conditions (e.g. temperature range of 37-85 O C , pH range of 2G7-5).
In addition to the three rod-shaped strains, coccoid strains were obtained from these three samples following enrichment under aerobic and/or acidic (pH 2.5) conditions, or under an N, atmosphere (70 OC, pH 5.0). Moreover, other rod-shaped strains were isolated from the samples of Noji-onsen and 
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Tamagawa-onsen with enrichment at 85 "C and pH 5.0 under an N, atmosphere (T. Itoh, K. Suzuki & T. Nakase, unpublished results).
Morphology
Cells of the three strains were mostly regular rods, straight or slightly curved with various length (Figs 1 a  and 2a ). Most cells were within the range 04-05 x 5-20 pm. Frequently, long rods of up to 50 pm were observed. In addition, bent cells, branched cells forming T-shapes or Y-shapes, and extensively branched cells existed ( Fig. lb, c; Fig. 2b ). The proportion of the branching cells exceeded 20 % of the total cells at the early stationary growth phase. The ends of the cells were rectangular to round. They sometimes had protruding spherical bodies, which measured 1-3 pm in diameter, at the ends of the cells. Cells showing constriction were observed, as shown in Fig. 2 (a) , by transmission electron microscopy. This would imply that the cells divide by the constriction mode. Motility and flagella were not observed.
Growth characteristics
The three isolates proliferated under strictly anaerobic conditions with N,, H,/CO, (4: 1, v/v; 100 kPa) or N,/CO, (4: 1, v/v; 100 kPa) in the gas phase. To estimate the effect of the gas phase on the growth of the isolates, growth yields were determined by means of the protein contents after 1 week cultivation. When growth yields of the cultures under a H,/CO, (4: 1, v/v; 100 kPa) gas phase were regarded as 100% (corresponding to 163-204 pg protein ml-'), growth yields of the cultures under N,/CO, (4 : 1, v/v; 100 kPa) and N, gas phases were 88-109% and 6&66%, respectively. Thus, the presence of CO, in the gas phase enhanced growth to some extent. Sulfide was detected following growth. Under a gas phase of 5 % air, growth occurred while the medium was oxidized
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Thermocladium modestius gen. nov., sp. nov. (as judged by the colour of resazurin). The growth yields of the microaerobic cultures were the same or less than those of the cultures with an N, gas phase. No growth was observed if the gas phase was air. All of the archaeal cell-extract solutions examined, as well as a vitamin mixture solution of Balch et al. (1979) (final concn 1.0 %, v/v), enhanced growth of strain IC-125T; however, the extract of E. coli JCM 1649T did not enhance growth, as shown in Table 1 . The archaeal cell-extract solution or the vitamin mixture solution did not replace yeast extract as the carbon source (data not shown). None of the isolates grew autotrophically, in the absence of a carbon source, under a H,/CO, (4: 1, v/v; 100 kPa) or a N,/CO, (4: 1, v/v; 100 kPa) atmosphere. They grew at 45-80°C under an N, atmosphere. Under a H,/CO, atmosphere, they grew up to 82 "C, but failed to grow at 84 "C. When strain IC-125T was cultivated at various temperatures (60, 65,70,75 and 80 "C), optimal growth was observed at 75 "C as shown in Fig. 3 . The effect of pH on the growth was examined with either 10 mM trisodium citrate (pH 2.0-5.5) or 10 mM MES (pH 5.&7.0) as buffer agents. In the absence of these buffer agents, the pH of the cultures, which was initially adjusted to pH 4.0, increased up to 52-53 following growth. In the presence of 10 mM trisodium citrate, strains IC-125T and IC-142 grew in a pH range of 3-&5-1, and strain IC-139 grew in a pH range of 2.65-1. No strains grew at pH 1.9 or 5.6. In the media buffered with 10 mM MES, all of the isolates grew at pH up to 5.9, but not at pH 6-1. When strain IC-125T was cultivated at various pH (3-0, 3.7, 4.2, 4.7 and 5.0) with 10 mM trisodium citrate, optimal growth was observed at 
Utilization of carbon sources
Of the carbon sources tested, the three strains grew well in the presence of yeast extract and gelatin. Glycogen, starch, beef extract, casamino acids, malt extract, peptone and tryptone supported moderate growth. No or negligible growth was obtained on any of the mono-and disaccharides, organic acids, alcohols, amide and amines studied so far. When strain IC-125T was grown under a H,/CO, (4: 1, v/v; 100 kPa) atmosphere, a similar utilization pattern was obtained. Yeast extract was added as a carbon source at various concentrations (0.02, 0.05, 0.1, 0.2, 0.5 and l.O%, w/v); the three strains grew at concentrations up to 0.5 YO, but not at 1.0 YO. The highest growth yields were obtained with 0.2% yeast extract, but the growth was slower than in cultures grown with 0.1 YO yeast extract (data not shown).
Possible electron acceptors
The three stains showed no or negligible growth on the basal medium without an electron acceptor. Addition of sulfur, thiosulfate or L-cystine supported growth, and sulfate supported scanty growth. When strain IC-125T was grown under a H,/CO, (4: 1, v/v; 100 kPa) atmosphere, slight growth occurred in the presence of nitrate or FeCl,.
Antibiotic sensitivity
The isolates were insensitive to chloramphenicol, oleandomycin and kanamycin. Even though the antimicrobial activity of rifampicin was drastically reduced after 3 d in the medium, the isolates did not grow even after 2 weeks. No antimicrobial activity of vancomycin, ampicillin and erythromycin remained after 3 d; these antibiotics had no effect on the growth of the isolates.
Lipid analysis
The three isolates contained large amounts of tetraether core lipids and small amounts of diether core lipids. No fatty acid was found. On the thin-layer chromatogram developed with hexane/diethylether (70:30, v/v), there were at least five spots which corresponded to glycerol-bisdiphytanyl-glycerol tetraethers. All of these lipids are considered to be different cyclized variations in the isopranoid chains.
G + C contents of DNAs
The G + C contents of DNAs from the strains IC-125T, IC-139 and IC-142 were 52.4, 51.9 and 52.4 mol Yo, respectively.
DNA-DNA hybridization
Values for DNA-DNA hybridization between the three isolates and Thermoproteus tenax JCM 9277T are shown in Thermocladium modestius gen. nov., sp. nov.
Pyrobaculum were in the range 90-6-90.9 YO. The representative species of another family ThermoJilaceae, Thermojilum pendens, was branched outside the family Thermoproteaceae; however, bootstrap sampling gave only 67% confidence in this position. The transversion analysis did not affect the branching patterns, except for a small change in the position of Sulfolobus metallicus (tree not shown). The partial sequences of strains IC-139 (positions 40 1-657 in the E. coli system) and were identical with that of strain IC-125T.
DISCUSSION
The three extremely thermophilic, rod-shaped isolates, IC-125T, IC-139 and IC-142, were obtained from samples taken from the acidic hot spring areas in Japan. These samples were considered to house a variety of thermophilic micro-organisms, and enrichment under several growth conditions in regard to temperature, pH and gas phase enabled isolation of different types of strains. The three rod-shaped strains were enriched in medium at 70 "C and pH 5.0 under a H,/CO, (4: 1, v/v; 100 kPa) atmosphere, and they grew optimally around 75 "C and pH 4.0. Although the three strains grew under an N, atmosphere, the enrichment of the samples under an N, atmosphere (70 "C, pH 5.0) resulted in coccoid isolates. The temperatures of the original samples were adequate for the strains to grow (i.e. 65-80 "C). In contrast, the pH values of these sources were lower than their growth pH ranges. They may extend their growth pH ranges in the sampling sites, or they may be allochthonous organisms. The presence of ether lipids and absence of fatty acids support the conclusion that the three isolates belong to the domain Archaea. In addition, the 16s rDNA sequences of the isolates indicated that they were crenarchaeotes. Rod-shaped crenarchaeotes are currently included in the order Thermoproteales, which has been revised recently on the grounds of 16s rRNA/rDNA sequence similarities (Bruggraf et al., 1997) . Two families, ThermoJilaceae and Thermoproteaceae, are known in this order. The former family contains only the genus ThermoJilum (Zillig et al., 1983) , whereas the latter family comprises two genera, Pyrobaculum (Huber et al., 1987; Volkl et al., 1993) and Thermoproteus (Bonch-Osmolovskaya et al., 1990; Zillig, 1989; Zillig et al., 1981) . Both genera are commonly encountered in continental solfataric areas, although Pyrobaculum aerophilum was isolated from a boiling marine waterhole (Volkl et al., 1993) . The two families are also differentiated by cell thickness (i.e. the cell widths of members of the family Thermojilaceae are less than 0.35 pm, while those of members of the family Therrnoproteaceae are at least 0-4 pm). The distinctive rod shape and the cell widths (04-0.5 pm) of our isolates are also consistent with their placement within the family Thermoproteaceae.
The morphology of the three isolates is similar to that found within the genera Thermoproteus and Pyrobaculum. The isolates formed regular rods measuring 0.4-0-5 pm in width; cells were bent, branched, or had terminal spheres which sometimes looked like ' golf clubs '. These morphological features are common to the two genera Thermoproteus and Pyrobaculum (Huber et al., 1987; Volkl et al., 1993; Zillig, 1989; Zillig et al., 1981) . The new isolates, however, tended to form extensively branched cells more frequently than the strains of these genera. Unlike Pyrobaculum species, the isolates had neither flagella nor motility. Branching, budding and cell constriction would be common cell-multiplication modes for the order Thermoproteales. Although the three isolates favoured strictly anaerobic growth, they grew under low amounts of air. Except for Pyrobaculum aerophilum, all of the Thermoproteaceae species are strict anaerobes and do not grow micr oaero bicall y . Pyro baculum aeroph ilum grows under a low concentration of 0, (< 5 Yo), and uses 0, as an electron acceptor (Volkl et al., 1993) . Although our isolates tolerated 5 YO (v/v) air in the gas phase, it is unlikely that 0, was an electron acceptor because it did not increase growth yields. The archaeal cellextract solution stimulates growth of the new isolates. This preparation seems to be related to the growth factor required for Thermofilum pendens (Zillig et al., 1983) . Unlike ThermoJilum pendens, growth of the isolates is enhanced by the cell-extract solution from Thermoplasrna or by a vitamin mixture (Balch et al., 1979) . At the moment, therefore, it is not clear whether or not the actual elements contributing to the growth enhancement of our isolates and ThermoJilum pendens are identical. The growth temperature ranges of the isolates were significantly lower than those of other members of the order Thermoproteales, which grow optimally at hyperthermophilic ranges (i.e. 85-100 "C). The three isolates grew optimally at 75 "C; thus, they are the first examples of non-hyperthermophilic strains among the rod-shaped crenarchaeotes. Furthermore, the optimal growth pH was lower than that of the three described genera. The three isolates were insensitive to chloramphenicol, kanamycin and oleandomycin ; however, they were sensitive to rifampicin, like strains of the genus Pyrobaculum (Huber et al., 1987; Volkl et al., 1993) .
The G + C contents of DNAs of the three isolates are 52 mol% and clearly different from those of Thermoproteus species (Bonch-Osmolovskaya et al., 1990 ; Zillig et al., 1981 ; T. Itoh, K. Suzuki & T. Nakase, unpublished results) and ThermoJilum pendens (Zillig et al., 1983) which are in the range 56-60 mol%.
Although the G + C contents of Pyrobaculum species are reported to be 44-52 mol YO (Huber et al., 1987; Volkl et al., 1993) , the values for the type strains of the three species were estimated in our laboratory to be about 50 mol% (T. Itoh, K. Suzuki & T. Nakase, unpublished results). The 16s rDNA analysis showed that strain IC-125T clustered with the members of the family Thermoproteaceae. This cluster is supported by a high bootstrap value (100 %), and strain IC-125T apparently belongs in an independent lineage within the cluster. Accordingly, in line with the phenotypic differences, particularly those of the growth temperature, growth pH and the G + C contents of genomic DNAs, the three strains should be recognized as a new genus in the family Thermoproteaceae. The three isolates belong to one species because of the phenotypic similarities described above and high levels of DNA-DNA relatedness. On the basis of our results, the name Thermocladium modestius gen. nov., sp. nov. is proposed for the three isolates. The type strain of the new species is IC-12ST. Thermocladium (Ther.mo.cla'di.um. Gr. adj. thermus hot; Gr. dim. n. cladion small branch; M.L. neut. n. Therrnocladium a hot small twig, indicating branching cells in a hot environment). Cells are straight or slightly curved rods, and sometimes bend and branch out singly or extensively. Most cells are 04-05 x 5-20 pm. Spherical bodies may protrude at the ends of the cells. Cells multiply by branching and budding and divide by the constriction mode. No flagella or motility are observed. Grows anaerobically or microaerobically. Prefers extremely thermophilic and weakly acidic conditions to grow (e.g. 7&75 "C, pH 4.M.5). Insensitive to chloramphenicol, kanamycin and oleandomycin, but sensitive to rifampicin. Possesses several (at least five) tetraether core lipids containing cyclopentane rings in the isopranyl chains.
The G + C content of genomic DNA is 52 mol %. The 16s rDNA is typical of a crenarchaeote in the sequence signature analysis, except for base pair positions 1244 : 1293. Phylogenetically, falls under an independent lineage in the family Thermoproteaceae. Inhabits acidic, extremely thermophilic (i.e. 65-80 "C), terrestrial hot spring area. Monospecific, at present. The type species is Thermocladium modestius.
Description of Thermocladium modestius sp. nov.
Therrnocladium modestius [mo.des'ti.us. L. comp. adj. modestior (neut. modestius) modester, referring to the growth temperature range]. Cells are rod-shaped. Grows anaerobically or microaerobically. Heterotrophic. Growth is stimulated by CO, in the gas phase and by archaeal cell-extract or a vitamin mixture. Growth occurs at 45-82°C and is optimal around 75 "C. Growth occurs at pH 26-51 and is optimal at pH 4.0 when buffered with 10 mM trisodium citrate. Growth pH is extended to pH 5.9 when buffered with 10mM MES. Under optimal conditions [75 "C, pH 4.2, under H,/CO, (4: 1, v/v; 100 kPa) gas mixture], strain IC-125T grows with a doubling time of 15-18 h. Grows at low salinity (0-1.0 YO NaC1). Utilizes glycogen, starch, beef extract, casamino acids, peptone, malt extract, tryptone and yeast extract as carbon sources. Grows best with 0.1-0-2% yeast extract, but does not grow with 1.0% yeast extract. Requires sulfur, thiosulfate, L-cystine or sulfate as electron acceptors. With H,/CO, (4: 1, v/v; 100 kPa) as gas phase, may utilize nitrate or FeCl, as electron acceptors. Produces sulfide during growth.
The G + C content of genomic DNA is 52 mol %. The type strain, IC-125T (= JCM 100MT), was isolated from solfataric mud at Noji-onsen, Fukushima, Japan. Two additional strains, IC-139 (= JCM 10089) and IC-142 (= JCM 10090), are also included in this species.
